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Inclosed  is  a  copy  of  the  Diamond  International  Corporation  Upper  Dam 
(MA-00562)  Phase  I  Inspection  Report,  prepared  under  the  National 
Program  for  Inspection  of  Non-Federal  Dams.  The  report  is  based  upon 
a  visual  inspection,  a  review  of  past  performance,  and  a  preliminary 
hydrological  analysis. 

The  preliminary  hydrologic  analysis  has  Indicated  that  the  spillway 
capacity  for  the  Diamond  International  Corporation  Upper  Dam  would 
likely  be  exceeded  by  floods  greater  than  10  percent  of  the  Probable 
Maximum  Flood  (PMF) .  Our  screening  criteria  specifies  that  a  dam 
classified  as  high  hazard  with  a  spillway  capacity  insufficient  to 
discharge  fifty  percent  of  the  PMF  be  judged  as  having  a  seriously 
Inadequate  spillway.  As  a  result  this  dam  is  assessed  as  unsafe, 
non-emergency  until  more  detailed  studies  prove  otherwise  or 
corrective  measures  are  completed. 

The  term  "unsafe"  applied  to  a  dam  because  of  an  Inadequate  spillway 
does  not  indicate  the  same  degree  of  emergency  as  It  would  if 
applied  because  of  structural  deficiency.  It  does  Indicate,  however, 
that  a  severe  storm  may  cause  overtopping  and  possible  failure  of  the 
dam,  with  significant  damage  and  potential  loss  of  life  downstream. 

We  recommend  that  within  twelve  months  from  the  date  of  this  report 
the  owner  of  the  dam  engage  the  services  of  a  qualified  registered 
engineer  to  determine  further  the  potential  of  overtopping  the  dam  and 
the  need  for  and  the  means  to  increase  project  discharge  capacity. 
Based  on  this  determination,  appropriate  remedial  mitigating  measures 
should  be  designed  and  completed  within  24  months  of  this  date  of 
notification.  In  the  interim  a  detailed  emergency  operation  plan  and 
warning  system  should  be  promptly  developed  and  round-the-clock 
surveillance  should  be  provided  during  periods  of  heavy  precipitation 
or  high  project  discharge. 
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NEDED 

Honorable  Edward  J.  King 

I  approve  the  report  and  support  the  findings  and  recommendations 
described  in  Section  7,  with  qualifications  as  noted  above.  I  request 
that  you  keep  me  informed  of  the  actions  taken  to  implement  these 
recommendations  since  this  follow-up  is  an  important  part  of  the 
program. 

Copies  of  this  report  have  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering  and  to  the  owner.  Diamond  International 
Corporation,  Palmer,  Mass.  Copies  will  be  available  to  the  public  in 
thirty  days. 

I  wish  to  thank  you  and  the  Department  of  Environmental  Quality 
Engineering  for  your  cooperation  in  this  program. 

Sincerely, 

C.  E.  EDGAR,  III 

Colonel,  Corps  of  Engineers 

Commander  and  Division  Engineer 
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Identification  No.:  MA00562 

Name  of  Dam:  Diamond  International  Corporation  Upper  Dam 
Town:  Palmer 

County  and  State:  Hampden  County,  Massachusetts 
Stream:  Ware  River,  tributary  of  the  Chicopee  River 
Date  of  Inspection:  July  17,  1980 


The  Upper  Dam  of  Diamond  International  Corporation  was 
built  in  1918  and  is  a  run-of-the-river  type  structure  consisting 
of  a  17-foot-high  concrete  overflow  spillway  and  a  13-foot-high 
rockfill  dike.  The  total  height  of  the  structure  is  23  feet  from 
the  top  of  the  dike  to  the  streambed  at  the  toe  of  the  spillway. 
The  spillway  is  a  174-foot-long  ogee  weir,  with  stone  masonry  and 
gunite  sidewalls  at  the  abutments.  The  crest  of  the  weir  is  at  El 
362.4  (National  Geodetic  Vertical  Datum  of  1929),  and  the  top  of 
the  dike  is  at  El  368.0.  The  dike  is  approximately  160  feet  long. 
There  is  no  outlet  at  the  spillway  or  dike. 

Water  can  be  diverted  from  the  Ware  River  through  a  wooden 
gate  house  west  of  the  dam  to  a  canal  for  the  Diamond  Interna¬ 
tional  plant.  This  water  is  used  for  processing,  and  for 
generating  electrical  power  at  the  factory,  or  may  be  released  to 
the  river  upstream  of  the  factory. 

There  are  deficiencies  which  must  be  corrected  to  assure 
the  continued  performance  of  this  dam.  This  conclusion  is  based 
on  the  visual  inspection  of  the  site  and  a  review  of  the  available 
data.  Generally  the  dam  is  in  fair  condition. 

The  following  deficiencies  were  observed  at  the  site:  lack 
of  low-level  outlet;  leakage  at  the  base  of  the  side  walls  of  the 
main  spillway  spalled  concrete  on  the  weir;  and  heavy  growth  of 
brush  and  trees  on  the  dike  and  in  the  downstream  channel. 

Based  on  Corps  of  Engineers’  guidelines,  the  dam  has  been 
classified  in  the  intermediate  size  and  high  hazard  categories.  A 
test  flood  equal  to  the  probable  maximum  flood  (full  PMF)  was  used 
to  evaluate  the  capacity  of  the  spillway.  The  test  flood  outflow 
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is  89,180  cfs,  resulting  in  a  pond  level  at  El  387. 0.  The  test 
flood  would  overtop  the  dike  by  19  feet.  Hydraulic  analyses 
indicate  that  the  spillway  can  discharge  9,210  cfs,  or  10  percent 
of  the  test  flood  outflow  before  the  dike  is  overtopped. 


It  is  recommended  that  the  Owner  employ  a  qualified 
registered  professional  engineer  to  conduct  a  more  detailed 
hydraulic  and  hydrologic  study  of  the  spillway,  design  a  low-level 
outlet,  evaluate  the  leakage  through  and  the  stability  of  the  dike 
and  spillway,  and  develop  procedures  for  clearing  brush  and  trees, 
and  backfilling  the  dike  embankment.  In  addition,  the  Owner 
should  repair  the  deficiencies  listed  above,  as  described  in 
Section  7.3.  The  Owner  should  also  implement  a  program  of  annual 
technical  inspections,  a  plan  for  surveillance  of  the  dam  during 
and  after  periods  of  heavy  rainfall,  and  a  plan  for  notifying 
downstream  residents  in  the  event  of  an  emergency  at  the  dam. 


The  measures  outlined  above  and  in  Section  7  should  be 
implemented  by  the  Owner  within  a  period  of  1  year  after  receipt 
of  this  Phase  I  Inspection  Report. 


\  v 


Edward  M.  Greco,  P.E. 
Project  Manager 
Metcalf  &  Eddy,  Inc. 

Massachusetts  Registration 
No.  29800 


Approved  by: 


Stephan  L.  Bishop,'  P.E, 
Vice  President 
Metcalf  &  Eddy,  Inc. 


Massachusetts  Registration 
No.  19703 
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Diamond  International  Corporation 
This  Phase  I  Inspection  Report  on  Upper  Dam  (MA-00562) 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams ,  and  with  good  engineering  judgement  and  practice,  and  is  hereby 
submitted  for  approval. 


ARAMAST  MAHTESIAN,  MEMBER 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


JOSpS  W.  FINEGANV  JR! 
Watajr/ Control  Branct 
Engineering  Division 


APPROVAL  RECOMMENDED: 


e? 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  a  Phase 
I  Investigation.  Copies  of  these  guidelines  may  be obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  2031^.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspections.  Detailed  investigations, 
and  analyses  involving  topographic  mapping,  subsurface  investi¬ 
gations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  Investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available  to 
the  inspection  team.  In  cases  where  the  reservoir  was  lowered  or 
drained  prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  Inspection  can  there  be  any  chance 
that  unsafe  conditions  will  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  Flood  is  based  on  the 
estimated  "Probable  Maximum  Flood"  for  the  region  (greatest 
reasonably  possible  storm  runoff),  or  fractions  thereof.  Because 
of  the  magnitude  and  rarity  of  such  a  storm  event,  a  finding  that 
a  spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aid  in  determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
conditions  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of 
the  need  for  fences,  gates,  no-trespassing  signs,  repairs  to 
existing  fences  and  railings  and  other  items  which  may  be  needed 
to  minimize  trespass  and  provide  greater  security  for  the  facility 
and  safety  to  the  public.  An  evaluation  of  the  project  for 
compliance  with  OSHA  rules  and  regulations  is  also  excluded. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General .  The  Phase  I  Inspection  of  the  dam  at  the  Upper 
Dam  at  Diamond  International  Corporation  was  performed  on 
July  17,  1980.  A  copy  of  the  inspection  checklist  is 
included  in  Appendix  A.  Previous  inspections  were 
conducted  by  Tighe  &  Bond,  Inc.,  for  the  Hampden  County 
Engineers  office  from  195^  to  i960,  and  by  the 
Massachusetts  Department  of  Public  Works  in  1972.  Copies 
of  selected  reports  and  related  correspondence  are  given 
in  Appendix  B.  Selected  photographs  taken  during  our 
Visual  Inspection  are  included  in  Appendix  C. 

Although  not  a  structural  part  of  the  Upper  Dam,  the 
factory  canal  and  its  appurtenant  structures  were 
inspected  as  part  of  the  water  control  system  for  the 
Diamond  International  factory  complex.  Details  of  the 
inspection  of  these  structures  are  included  in  the 
inspection  checklist,  and  their  general  condition  can  be 
seen  in  Photographs  7  through  13  of  Appendix  C. 

b.  Dan.  The  dam  is  a  run-of-the-river  type  structure 
consisting  of  a  concrete  spillway  and  rockfill  dike.  A 
significant  amount  of  leakage  was  noted  at  two  locations 
at  the  spillway:  at  the  toe  of  the  weir  adjacent  to  the 
right  sidewall  (see  Photo  No.  2)  and  at  the  base  of  the 
left  sidewall  (Photo  No.  *0 .  In  both  cases  the  flowing 
water  is  clear,  although  as  shown  on  Photo  No.  4,  the 
leakage  has  caused  some  iron  staining  of  the  bedrock 
outcrop  below  the  wall.  A  strong  sulfur  smell  was  also 
noted  at  the  site  of  the  leak.  At  the  time  of  the 
inspection,  no  water  was  flowing  over  the  spillway  crest. 
However,  the  leakage,  estimated  at  2  to  3  gpm,  has 
created  a  pool  of  water  in  the  channel  below  the  spillway 
( see  Photo  No .  3 ) . 

The  concrete  of  the  weir  appears  to  be  in  good  condition. 
The  gunited  surface  of  the  weir  generally  shows  only 
minor  cracking  and  spalling.  Two  vertical  construction 
joints,  about  1/2-inch  wide,  are  visible  on  the 
downstream  face,  and  apparent  spalling  has  widened  one 
joint  to  about  4  inches  at  the  toe.  A  small  patch  of 
rusted  wire  mesh  is  exposed  at  the  toe  of  the  weir, 
beneath  the  gunlte. 
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Validity .  Comparison  of  a  1955  drawing  of  the  dike  with 
the  field  survey  conducted  during  the  Phase  I  inspection 
indicates  that  the  available  information  does  not  exactly 
represent  existing  conditions.  The  actual  top  of  the 
dike  is  approximately  3  feet  higher  and  2  to  3  feet  wider 
than  that  shown  on  the  plan.  Also,  although  the  plan 
shows  3:1  and  2:1  upstream  and  downstream  slopes, 
respectively,  the  survey  taken  during  our  visual 
inspection  indicated  2:1  slopes  on  both  sides  of  the 
dike.  Both  slopes  were  too  heavily  overgrown  with 
vegetation  to  determine  the  existence  of  any  large  riprap 
as  indicated  on  the  plan. 
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SECTION  2 


ENGINEERING  DATA 


2.1  General.  The  engineering  data  available  for  this  Phase  I 
inspection  includes  one  drawing  of  the  proposed  rockfill 
dike,  dated  September  6,  1955  prepared  by  Harrison  G.  White, 
Co.  Engineers.  The  drawing  was  obtained  from  the  Hampden 
County  Engineers  office.  There  are  no  other  drawings, 
specifications,  or  computations  available  from  the  Owner, 
State,  or  County  agencies.  Copies  of  previous  inspection 
reports  dated  195^  to  I960,  prepared  by  Tighe  &  Bond,  Inc., 
for  Hampden  County  are  available  at  the  County  Engineers 
office.  Selected  correspondence  regarding  the  condition  of 
the  dam  and  status  of  repairs  are  included  in  Appendix  B. 

The  most  recent  inspection  was  conducted  in  1972  by  the 
Massachusetts  Department  of  Public  Works.  A  copy  of  that 
report  is  also  given  in  Appendix  B. 

We  acknowledge  the  assistance  and  cooperation  of  personnel 
from  the  Massachusetts  Department  of  Environmental  Quality 
Engineering,  Division  of  Waterways;  the  Massachusetts 
Department  of  Public  Works;  and  the  Hampden  County  Engineers 
Office.  In  addition,  we  acknowledge  the  assistance  of  Mr. 
John  Korabowski  and  Mr.  Joseph  Szlosek,  of  Diamond 
International  Corp.,  who  provided  a  property  map  of  the 
factory  complex,  and  information  on  the  history  and  operation 
of  the  dam. 

2.2  Construction  Records.  There  are  no  construction  records  or 
as-built  drawings  available  for  the  dam  or  appurtenances. 
Previous  inspection  reports  by  the  Hampden  County  Engineers 
provided  some  construction  information,  and  a  summary  of 
repairs  and  post-construction  changes  at  the  site. 

2.3  Operating  Records.  No  operating  records  are  available,  and 
there  is  no  daily  record  kept  of  the  elevation  of  the  pool  or 
rainfall  at  the  dam  site. 

2. U  Evaluation 

a.  Availability.  There  is  limited  engineering  data 
available  for  this  dam. 

b.  Adequacy .  The  lack  of  detailed  hydraulic,  structural  and 
construction  data  did  not  allow  for  a  definitive  review. 
Therefore,  the  evaluation  of  the  adequacy  of  this  dam  is 
based  on  the  visual  inspection,  past  performance  history, 
and  engineering  Judgment. 
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(2)  Size:  5  feet  wide  by  approximately  6  feet  high 

(3)  Description:  5  wooden  slide  gates  regulate  flow 
into  factory  canal,  which  provides  power  for 
turbines,  and  process  water. 

( it )  Control  mechanism:  rack  and  pinion  mechanisms 
inside  gate  house  which  spans  canal 

(5)  Other:  water  which  enters  canal  via  canal  gatehouse 
may  bypass  factory  intakes  through  canal  spillway 
and  low-level  outlet 

Low-level  outlet  at  canal  spillway 

(1)  Invert  El:  3^9.6 

(2)  Size:  4-foot  square 

(3)  Description:  wooden  slide  gate  in  outlet  structure 
constructed  of  granite  blocks,  at  left  abutment  of 
canal  spillway 

(4)  Control  mechanism:  rack  and  pinion  mechanism  on  top 
of  headwall  of  outlet  structure 

(5)  Other:  Discharge  from  low-level  outlet  enters 
channel  of  canal  spillway  and  rejoins  Ware  River 
Channel.  There  is  no  low-level  outlet  at  the  main 
spillway  and  dike. 
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(8)  Cutoff:  none 

(9)  Grout  curtain:  none 

(10)  Other:  constructed  of  riprap,  backfilled  with 

gravel  and  cobbles,  designed  as  temporary  structure 
to  act  as  emergency  spillway. 

Spillway 

Main  spillway  on  Ware  River 

(1)  Type:  concrete  ogee  weir 

(2)  Length  of  weir:  174  feet 

(3)  Crest  elevation:  362.4 

(4)  Gates:  none 

(5)  Upstream  channel:  Ware  River 

(6)  Downstream  channel:  Ware  River.  Channel  is 
approximately  one-half  of  the  width  of  spillway/dike 
structure . 

Canal  Spillway 

(1)  Type:  narrow  crest,  stone  masonry  with  9  bays  of 
f lashboards 

(2)  Length  of  weir:  49  feet;  effective  length  is  45.8 
feet 

(3)  Crest  elevation:  with  flashboards  -  variable 
(approximately)  without  flashboards  -  358.9 

(4)  Gates:  none 

(5)  Upstream  channel:  factory  canal,  excavated  and 
lined  with  riprap  and  gunite  on  sides 

(6)  Downstream  channel:  unlined  channel  approximately 
65  feet  wide  and  75  feet  long,  leads  to  Ware  river 
channel. 

Regulating  Outlets 

Intake  to  factory  canal 

(1)  Invert  El:  351.9 
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(4)  Ungated  spillway  capacity  at  test  flood  elevation: 
49,170  cfs  at  El  387.0. 

(5)  Gated  spillway  capacity  at  normal  pool  elevation: 

N/A 

(6)  Gated  spillway  capacity  at  test  flood  elevation: 

N/A 

(7)  Total  spillway  capacity  at  test  flood  elevation: 
49,170  cfs  at  El  387.0. 

(8)  Total  project  discharge  at  top  of  dam  elevation: 
9,210  cfs  at  El  368.0. 

(9)  Total  project  discharge  at  test  flood  elevation: 
89,180  cfs  at  El  387.0. 

Elevation  (feet  above  National  Geodetic  Vertical  Datum  of 
1929  HgWTT:  A  benchmark  was  established  at  El  365.38 
at  the  canal  bridge  at  Pleasant  Street.  This  elevation 
is  taken  from  a  brass  disc  set  by  a  Massachusetts 
Department  of  Public  Works  Survey. 

(1)  Streambed  at  toe  of  spillway:  345.0 

(2)  Bottom  of  cutoff:  unknown 

(3)  Maximum  tailwater:  unknown 

(4)  Normal  pool:  362.4 

(5)  Full  flood  control  pool:  N/A 

(6)  Spillway  crest:  362.4 

(7)  Design  surcharge  (Original  design):  unknown 

(8)  Top  of  dam:  368.0  (rockfill  dike) 

(9)  Test  flood  surcharge:  387. 0 
Reservoir  (Length  in  feet) 

(1)  Normal  pool:  11,460 

(2)  Flood  control  pool:  N/A 

(3)  Spillway  crest  pool:  11,460 
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Previous  inspection  reports  indicate  that  since 
construction,  the  dam  has  been  in  good  to  excellent 
condition.  A  "small  amount"  of  leakage  has  been  noted 
under  both  abutments  of  the  spillway,  but  was  not 
considered  to  be  serious.  Some  repairs  were  made  to  the 
structure  in  1956  and  1958.  This  included  removal  of 
spalled  concrete  from  the  face  of  the  spillway,  and 
application  of  a  gunite  coating.  In  addition  minor 
repairs  and  guniting  were  completed  at  the  canal  spillway 
(see  specifications,  page  B-9).  The  last  record  of 
repairs  at  the  site  is  in  1966,  at  which  time  more  gunite 
was  applied  to  the  spillway,  and  the  left  side  wall  was 
widened. 

i.  Normal  Operating  Procedures.  Personnel  from  Diamond 

International  reportedly  visit  the  dam  "periodically"  to 
check  the  condition  of  the  gatehouse  and  slide  gates  on 
the  canal,  since  a  constant  flow  to  the  turbines  must  be 
maintained.  The  flashboards  on  the  canal  spillway  are 
operated  only  when  conditions  in  the  factory,  or 
potential  flooding  necessitate  lowering  the  water  level 
in  the  canal.  It  is  not  known  when  the  low-level  outlet 
was  last  operated. 

1 . 3  Pertinent  Data 


a.  Drainage  Area.  The  138,000-acre  (215.6  square  mile) 
drainage  area  extends  northeastward  into  the  towns  of 
Palmer,  Ware,  Hardwick,  New  Braintree,  Barre,  Rutland  and 
Hubbardston,  Massachusetts.  The  land  is  gently  rolling 
to  hilly,  wooded  and  mostly  undeveloped.  There  are 
numerous  dams  associated  with  recreational  ponds  and 
water  supply  reservoirs  upstream  of  the  Upper  Dam  on  the 
Ware  River  and  its  tributaries.  Barre  Falls  Dam  is 
located  approximately  20  miles  upstream  of  Diamond 
International,  and  the  reservoir  at  Barre  Falls  is  the 
largest  in  the  watershed.  The  dam  was  constructed  by 
the  U.S.  Army  Corps  of  Engineers  for  flood  control 
within  a  55  square  mile  drainage  area.  The  dam  and 
reservoir  were  designed  with  available  flood  control 
storage  equal  to  8.2  inches  of  runoff. 

b.  Discharge.  Discharge  from  the  Upper  Dam  flows  over  the 
spillway  into  the  Ware  River  Channel.  There  is  no 
low-level  outlet  at  the  dam.  Water  in  the  canal 
discharges  over  the  flashboards  at  the  canal  spillway, 
and  through  the  low-level  outlet  into  a  channel  which 
connects  to  the  Ware  River. 

(1)  Outlet:  none 

(2)  Maximum  known  flood  at  damsite:  unknown 

(3)  Ungated  spillway  capacity  at  top  of  dam:  9,210  cfs 
at  El  368.0. 
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d.  Hazard  Classifications.  Several  Industrial  buildings  and 
a  parking  lot  for  Diamond  International  Corporation  are 
located  on  the  flood  plain  between  the  Ware  River  and  the 
canal  dike  (see  Overview,  and  Flood  Impact  Area  on 
Location  Map).  Pleasant  Street  crosses  the  river  and 
canal  at  two  bridges  about  1,000  feet  downstream  of  the 
dam.  A  second  factory  complex  is  situated  on  the  east 
bank  of  the  river,  just  upstream  of  Pleasant  Street. 

An  assumed  failure  of  the  main  spillway  or  dike  would 
produce  a  flood  wave  18  feet  deep  at  the  Pleasant  Street 
Bridge,  as  compared  to  channel  flow  9  feet  deep  prior  to 
failure.  The  flood  wave  would  rise  above  the  foundation 
level  of  the  buildings  on  the  east  bank  and  inundate  the 
parking  lot  with  approximately  h  feet  of  water.  There 
would  be  no  flooding  in  this  area  prior  to  failure  of  the 
dam.  More  than  a  few  lives  could  be  lost,  and  excessive 
property  damage  could  occur.  Accordingly,  the  dam  has 
been  placed  in  the  "high"  hazard  category. 

e.  Ownership.  The  dam  is  owned  by  the  Diamond  International 
Corporation,  Fiber  Products  Division,  P.O.  Box  230, 
Palmer,  Massachusetts  01069.  Mr.  John  Korabowski,  Plant 
Engineer  (telephone  *113-283-8301)  granted  permission  to 
enter  the  property  and  inspect  the  dam. 

f.  Operator.  The  dam  is  operated  by  personnel  from  Diamond 
International  Fiber  Products  Division. 

g.  Purpose  of  the  Dam.  The  dam  is  currently  used  by  Diamond 
International  to  divert  water  into  the  canal  for  use  in 
plant  processing  and  for  generating  electrical  power. 

The  plant  engineer  estimates  that  20  to  30  percent  of  the 
electrical  power  used  by  the  plant  is  produced  at  the 
site.  Diamond  International  manufactures  paper  egg 
cartons  at  this  facility. 

h.  Design  and  Construction.  Construction  of  the  Upper  Dam 
was  completed  in  1918  to  replace  a  wooden  dam  at  the 
site.  There  are  no  design  drawings  or  specifications 
available  for  the  new  dam. 

In  August,  1955,  the  earthfill  embankment  at  the  left 
abutment  of  the  spillway  was  overtopped  and  washed  out  by 
flood  waters.  A  "temporary"  dike  of  rockfill  which  is 
still  in  use  was  constructed  in  its  place.  This  dike  was 
designed  to  divert  water  to  the  main  spillway,  and  also 
to  serve  as  an  emergency  spillway  during  exceptionally 
high  flows  in  the  river.  Specifications,  and  a  plan  of 
the  reconstruction,  were  prepared  by  Harrison  G.  White 
Co.,  Engineers  (see  pages  E-6  and  B-7  in  the  Appendix). 
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There  are  five  slide  gates,  each  5  feet  wide  by  approxi¬ 
mately  6  feet  high,  separated  by  6-inch  timber  beams. 

The  invert  of  the  gates  is  at  El  351.9,  which  is  the 
elevation  of  the  floor  of  the  canal  at  this  point. 

Downstream  of  the  gatehouse,  beyond  the  stone  retaining 
walls,  the  banks  of  the  canal  are  lined  with  cobbles. 

The  canal  curves  slightly  to  the  west  before  flowing 
under  the  bridge  at  Pleasant  Street,  and  into  the  Diamond 
factory  complex,  a  distance  of  about  900  feet  downstream 
from  the  gatehouse. 

There  is  a  spillway  and  outlet  on  the  canal  which  allows 
flow  to  be  discharged  to  the  main  channel  of  the  Ware 
River.  This  spillway,  located  on  the  canal  dike 
approximately  150  feet  downstream  of  the  gatehouse, 
consists  of  a  narrow-crested,  stone  masonry  weir  with  9 
bays  of  flashboards  (Figure  B-2).  The  spillway  is  49 
feet  long,  although  the  effective  length  is  reduced  to 
45.8  feet  due  to  bridge  supports  mounted  on  the  weir. 

The  crest  of  the  canal  spillway  is  at  El  358.9,  and  the 
tops  of  the  flashboards  are  at  an  approximate  average 
elevation  of  360.  A  wooden  foot  bridge  spans  the 
spillway.  The  invert  of  the  bridge  is  at  El  362.4. 

The  approach  to  the  canal  spillway  is  marked  by  a  stone 
masonry  side  wall  on  the  right  (south)  abutment,  and  a 
stone  masonry  outlet  structure  on  the  left  abutment. 

Both  walls  are  coated  with  gunite. 

The  discharge  channel  below  the  spillway  is  65  feet  wide. 
The  sides  are  vertical  stone  walls  which  extend  20  feet 
downstream  of  the  weir. 

The  low-level  outlet  for  the  factory  canal  is  a  4-foot 
square,  wooden  slide  gate,  located  in  a  masonry  head  wall 
at  the  left  abutment  of  the  canal  spillway.  The  invert 
of  the  outlet  is  at  El  3^9.6  at  the  upstream  end.  Flow 
into  the  outlet  is  controlled  by  a  rack  and  pinion 
mechanism  located  on  the  top  of  the  headwall.  The  out¬ 
let  discharges  into  the  channel  of  the  spillway  canal, 
and  eventually  into  the  V/ are  River. 

Size  Classification.  The  Upper  Dam  at  Diamond 
International  Corporation  has  a  maximum  height  of  23  feet 
and  a  maximum  storage  capacity  of  1,980  acre-feet.  The 
storage  capacity  places  the  dam  in  the  ’’intermediate" 
size  category  which  ranges  from  1,000  to  50,000 
acre-feet . 
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b.  Description  of  Dam  and  Appurtenances.  The  Upper  Dam  at 
Diamond  International  Corporation  consists  of  a  concrete 
and  stone  spillway  and  rockfill  dike  (see  Plan  of  Dam  and 
sections  in  Appendix  B,  and  Photographs  in  Appendix  C). 
The  total  height  of  the  dam,  from  the  top  of  the  dike  to 
the  streambed  at  the  toe  of  the  spillway,  is  23  feet. 

The  spillway  is  174  feet  long  and  17  feet  high,  with  a 
concrete  ogee  weir  and  stone  masonry  sidewalls  covered 
with  gunite.  The  crest  of  the  weir  is  at  El  362.4,  and 
the  downstream  toe  is  at  El  345.0.  The  parallel  side 
walls  extend  upstream  into  the  river  channel  for  a 
distance  of  approximately  60  feet  from  the  crest  of  the 
weir.  The  tops  of  the  walls  are  at  El  368.4.  Downstream 
of  the  spillway,  the  walls  are  stepped  to  the  river  bed, 
and  are  approximately  45  feet  long.  A  13-foot-high, 
160-foot-long  dike  extends  from  the  left  (northeast)  wall 
of  the  spillway  easterly  to  the  river  bank.  The  top  of 
the  dike  is  approximately  12  feet  wide,  and  at  El  368.0. 
According  to  available  information,  the  dike  was  designed 
as  an  unzoned  embankment  to  be  constructed  of  "large 
riprap,  with  cobbles  and  gravel  filling  the  voids".  As 
shown  on  Figure  B-2,  the  dike  has  approximate  2:1 
upstream  and  downstream  slopes.  Both  slopes  are  obscured 
by  a  heavy  growth  of  brush  and  trees. 

There  is  no  outlet  structure  at  the  spillway  or  dike.  A 
12-inch  diameter  cast  iron  pipe  extends  downstream  from 
the  toe  of  the  weir.  However,  its  purpose  is  unknown  and 
no  control  mechanism  was  visible. 

Downstream  from  the  spillway  the  Ware  River  channel 
narrows  to  approximately  100  feet  wide.  The  floor  of  the 
channel  is  naturally  paved  with  boulders  and  cobbles. 

Water  from  the  Ware  River  can  be  diverted  to  a  canal 
which  conducts  the  flow  to  the  factory  intakes.  The  area 
between  the  canal  and  main  river  channel  is  protected  by 
an  earthfill  dike  which  is  parallel  to  the  canal.  The 
right  side  wall  of  the  main  spillway  ties  into  a 
retaining  wall  on  the  upstream  end  of  the  canal  dike,  and 
extends  downstream  along  the  left  (easterly)  bank  of  the 
canal,  beyond  the  canal  gate  house. 

Flow  into  the  factory  canal  is  controlled  by  wooden  slide 
gates  located  at  the  upstream  end  of  the  canal  (see 
Figure  B-2).  At  this  point,  the  canal  is  approximately 
25  feet  wide  and  bounded  by  stone  and  concrete  retaining 
walls.  The  slide  gates  are  operated  by  rack  and  pinion 
mechanisms  located  inside  the  gate  house  which  crosses 
the  canal.  The  slide  gates  were  submerged  at  the  time  of 
the  inspection,  and  therefore  their  condition  could  not 
be  evaluated.  The  floor  of  the  gatehouse  is  supported  by 
wooden  beams  and  angle  supports,  and  is  15.4  feet  above 
the  bottom  of  the  canal. 
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NATIONAL  DAM  INSPECTION 
PROGRAM 

PHASE  I  INSPECTION  REPORT 

DIAMOND  INTERNATIONAL  CORPORATION 
UPPER  DAM 

SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  national  program  of  dam 
inspection  throughout  the  United  States.  The  New  England 
Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  inspection  of  dams 
within  the  New  England  Region.  Metcalf  &  Eddy,  Inc.  has 
been  retained  by  the  New  England  Division  to  inspect  and 
report  on  selected  dams  in  the  State  of  Massachusetts. 
Contract  No.  DACW  33-80-C-0054 ,  dated  April  18,  1980,  has 
been  assigned  by  the  Corps  of  Engineers  for  this  work. 

b .  Purpose 

(1)  Perform  technical  inspection  and  evaluation  of 
non-Federal  dams  to  identify  conditions  which 
threaten  the  public  safety  and  thus  permit 
correction  in  a  timely  manner  by  non-Federal 
interests . 

(2)  Encourage  and  assist  the  States  to  quickly  initiate 
effective  dam  safety  programs  for  non-Federal  dams. 

(3)  Update,  verify  and  complete  the  National  Inventory 
of  Dams. 

1 . 2  Description  of  Project 

a.  Location.  The  dam  is  located  on  the  Ware  River  in  the 
town  of  Palmer,  Hampden  County,  Massachusetts,  in  the 
Connecticut  River  Basin  (see  Location  Map).  The  dam  is 
about  2.1  miles  upstream  of  the  confluence  with  the  Swift 
River.  The  coordinates  of  this  location  are  Latitude  42 
deg.  11.3  min.  north  and  Longitude  72  deg.  19.5  min. 
west. 
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OVERVIEW 

DIAMOND  INTERNATIONAL  CORPORATION  UPPER  DAM 
PALMER,  MASSACHUSETTS 


The  approach  channel  and  crest  of  the  weir  are  clear  of 
debris.  The  vertical  sidewalls,  which  extend  from 
upstream  to  downstream  of  the  weir,  are  thickly  coated 
with  gunite  and,  except  at  the  leakage  points,  appear  to 
be  in  good  condition.  The  right  side  wall  appears  to  tie 
into  the  canal  dike  to  the  west,  while  the  left  side  is 
essentially  free-standing  downstream  of  the  weir.  Minor 
cracking  and  efflorescence  is  visible  on  both  walls,  and 
moderate  spalling  at  the  base  of  each  wall  has  exposed 
the  stone  masonry  construction  beneath  the  gunite.  Both 
walls  show  slight  staining  to  the  approximate  level  of 
the  crest  of  the  weir  (see  Photos  1  and  3). 

The  heavy  growth  of  brush  and  trees  prevented  a  thorough 
inspection  of  the  rockfill  dike.  As  shown  on  Photographs 
No.  5  and  6,  the  top  of  the  dike  is  flat  and  clear,  and 
paved  with  gravel  and  cobbles.  The  upstream  slope  is 
also  lined  with  cobbles  at  the  waterline,  although  the 
remainder  of  the  slope  is  obscured  by  vegetation.  The 
downstream  slope  is  fairly  steep  and  consists  of  loose, 
gravelly  soil  with  no  grass  cover.  The  slope  is  also 
heavily  overgrown.  A  few  large  pieces  of  riprap  have 
fallen  or  were  dumped  at  the  toe  of  the  dike.  No  seepage 
was  visible  downstream,  except  that  already  described  at 
the  base  of  the  left  spillway  sidewall. 

c.  Appurtenant  Structures.  There  is  no  low-level  outlet  at 
the  spillway  or  dike.  Water  may  bypass  the  spillway  by 
entering  the  factory  canal  at  the  gate  house.  From  there 
the  flow  may  rejoin  the  Ware  River  channel  by  discharging 
over  the  canal  spillway  or  through  the  low-level  outlet 
at  the  canal. 

d.  Reservoir  Area.  Light  residential  development  occurs  on 
the  east  side  of  the  river,  along  River  Street  a  railroad 
line  runs  parallel  to  the  east  bank  of  the  river,  from 
about  3  miles  upstream  of  the  Upper  Dam,  to  approximately 
1  mile  downstream.  Most  of  the  land  immediately  west  of 
the  reservoir  area  is  undeveloped  woodland.  There  is 
some  potential  for  future  development  on  both  sides  of 
the  river. 

e.  Downstream  Channel.  The  area  immediately  downstream  of 
the  dike  is  filled  with  brush  and  trees.  The  stream 
channel  below  the  spillway  is  also  lined  with  trees,  with 
some  growing  in  the  floor  of  the  channel.  As  shown  on 
Photo  No.  3  the  left  (east)  side  of  the  spillway  channel 
is  also  partially  obstructed  by  broken  stone,  which  is 
presumably  construction  debris. 
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Botn  the  main  spillway  and  the  canal  spillway  and  outlet 
discharge  into  the  Ware  River  channel.  The  earth  slopes 
that  form  the  sides  of  the  river  channel  are  moderately 
eroded.  The  floor  of  the  channel  is  naturally  lined 
with  cobbles  and  boulders.  There  is  a  minor  accumula¬ 
tion  of  tree  branches  and  debris  in  the  floor  of  the 
channel. 

Vegetation  and  trees  are  growing  on  the  floor  and  over¬ 
hanging  the  banks  of  the  channel. 

About  1,000  feet  downstream  of  the  dam,  the  Pleasant 
Street  bridge  spans  the  Ware  River  channel.  Under 
normal  conditions  there  is  no  restriction  to  flow  of 
discharge  from  the  spillway.  Water  flows  under  the 
bridge  in  three  12  to  14-foot  high  archways  (see  Photo 
Mo.  14). 

3.2  Evaluation.  From  the  visual  inspection  it  appears  that 
the  spillway  is  in  fair  condition.  However,  a  thorough 
inspection  of  the  rockfill  dike  was  not  possible  due  to 
the  heavy  growth  of  brush  and  trees.  The  stated  deficiencies 
which  must  be  corrected  to  assure  the  continued  performance 
of  this  dam  and  measures  to  improve  these  conditions  are 
outlined  in  Section  7. 
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SECTION  4 


OPERATING  AND  MAINTENANCE 

PROCEDURES 


4 . 1  Operating  Procedures 

a.  General.  There  are  no  operating  facilities  at  the  main 
dam.  According  to  the  Plant  Engineer,  the  standard 
procedures  is  to  keep  2  to  3  gates  open  in  the  canal 
intake  in  order  to  maintain  a  constant  flow  in  the 
factory  canal.  Water  from  the  canal  is  used  for  process 
water,  and  for  generating  electrical  power  for  plant 
operations . 

b.  Warning  System.  There  is  no  warning  system  in  effect  at 
this  dam.  As  shown  on  Page  B-12  in  the  Appendix,  a  high 
and  low  water  level  warning  system  was  to  have  been 
installed  at  the  Diamond  International  Plant  in  i960. 
However,  according  to  the  Plant  Engineer,  that  system  was 
damaged  by  ice  several  years  ago,  and  has  not  been 
replaced. 

4.2  Maintenance  Procedures 


a.  General.  The  spillway  is  generally  adequately  maintained 
and  the  dike  is  poorly  maintained.  The  Diamond 
Interational  Corporation  is  responsible  for  maintenance 
of  the  facility.  Annual  inspections  have  been  conducted 
in  the  past  by  personnel  from  the  factory.  Typical 
maintenance  procedures  have  included  repair  of  cracked  or 
missing  concrete  and  backfilling  eroded  areas  on  the 
dike . 

b.  Operating  Facilities.  There  are  no  operating  facilities 
at  the  dam.  Maintenance  of  the  operating  facilities  at 
the  factory  canal  consists  of  clearing  debris  from  the 
canal  intake.  The  operating  condition  of  the  slide  gate 
mechanism  in  the  canal  gatehouse  is  checked  periodically 
by  the  Owner. 

**.3  Evaluation.  There  is  a  program  for  annual  inspection  and 
maintenance  of  the  spillway  and  appurtenant  structures. 
However,  there  is  no  program  of  regular  technical 
inspections,  a  plan  for  surveillance  of  the  embankment  during 
and  after  periods  of  heavy  rainfall,  or  an  emergency  warning 
system  in  effect.  This  is  undesirable,  considering  that  the 
dam  is  in  the  high  hazard  category.  These  programs  should  be 
implemented,  as  recommended  in  Section  7.3. 
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SECTION  5 


EVALUATION  OP  HYDRAULIC/HYDROLOGIC 
FEATURES 


5.1  General.  The  Diamond  International  Upper  Dam  has  a  drainage 
area  of  215.6  square  miles  (see  Figure  D-l,  Drainage  Area 
Map).  The  land  is  gently  rolling  to  hilly,  and  generally 
undeveloped. 

There  are  several  dams  upstream  of  the  Upper  Dam  that  provide 
additional  storage  within  the  watershed.  The  largest  is  the 
dam  at  Barre  Falls  Reservoir,  located  about  20  miles  upstream 
of  the  Upper  Dam.  Storage  provided  by  the  Barre  Falls 
Reservoir  would  reduce  the  peak  flow  to  the  Diamond 
International  Dam. 

The  pond  formed  by  the  Upper  Dam  has  a  normal  surface  area  of 
approximately  135  acres  and  normal  storage  capacity  of  780 
acre-feet  at  El  362.4.  The  maximum  storage  capacity  is 
approximately  1,980  acre-feet  at  El  368.  The  surface  area  of 
the  pond  greatly  increases  with  higher  water  elevations  due 
to  the  potential  for  flooding  in  low-lying  areas  upstream  of 
the  dam.  There  is  no  low-level  outlet  at  the  dam. 

5.2  Design  Data.  There  are  no  hydraulic  or  hydrologic 
computations  available  for  the  design  of  the  spillway  at  the 
Upper  Dam. 

5.3  Experience  Data.  A  gaging  station  on  the  Ware  River  at 

Gibbs  Crossing  (about  5  miles  upstream  of  the  Upper  Dam) 
recorded  the  following  discharge  rates  during  three  major 
flooding  events:  March  1936:  11,200  cfs;  September  1938: 

22,700  cfs;  August  1955:  12,200  cfs.  The  contributing 

watershed  to  the  Gibbs  Crossing  gage  is  199  square  miles. 

An  earthfill  dike  adjacent  to  the  spillway  was  overtopped 
and  washed  out  during  heavy  rains  in  March  1936.  A  second 
dike  was  breached  during  the  floods  of  August  1955.  In 
both  cases  the  spillway  was  not  damaged.  There  is  no 
record  of  overtopping  of  the  present  dike,  which  was 
constructed  in  1956.  According  to  the  Owner's  representa¬ 
tives  flooding  has  not  been  a  problem  since  the  flood 
control  dam  was  built  at  Barre  Falls  in  1958.  It  should  be 
noted,  however,  that  there  has  not  been  a  major  flood  in 
the  watershed  since  1955. 

5.4  Test  Flood  Analysis.  The  Upper  Dam  at  Diamond  International 
has  been  classified  in  the  "intermediate”  size  and  "high" 
hazard  categories.  According  to  the  Corps  of  Engineers 
guidelines,  a  test  flood  equal  to  the  full  PMF  (Probable 
Maximum  Flood)  should  be  used  to  evaluate  the  capacity  of  the 
spillway. 
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The  PMF  rate  for  the  watershed  to  the  Upper  Dam  was 
determined  by  comparing  the  calculated  PMF  rates  for  Barre 
Falls  Dam  and  Conant  Brook,  both  in  the  Ware  River  watershed. 

These  PMF  values  were  plotted  on  the  U.S.  Army  Corps  of 
Engineers’  guide  curves  for  Maximum  Probable  Flood  Peak  Flow 
Rates  (dated  December  1977).  As  shown  in  Appendix  D,  both 
points  fell  slightly  below  the  guide  curve  for  rolling 
topography.  The  PMF  rate  for  Diamond  International  Dam  was 
then  extrapolated  from  this  curve,  and  was  determined  to  be 
670  cfs  per  square  mile  of  drainage  area. 

Applying  the  full  PMF  rate  to  the  215.6  square  mile  drainage 
area  results  in  a  peak  test  flood  inflow  of  144,500  cfs  from 
the  watershed.  The  storage  provided  by  Barre  Falls 
Reservoir  reduces  the  peak  test  flood  inflow  to  98,000  cfs 
at  the  full  PMF  rate.  With  adjustment  for  surcharge  storage 
in  the  river  channel,  the  peak  test  flood  outflow  from  the 
Upper  Dam  was  calculated  to  be  89,180  cfs  ( 41 4  cfs  per  square 
mile ) . 

By  way  of  comparison,  an  alternative  method  for  determining 
the  PMF  rate  at  the  dam  was  used  that  considers  the 
hydrologic  differences  that  exist  between  the  drainage  areas 
above  Barre  Falls  and  Conant  Brook,  and  the  drainage  area  of 
the  main  Ware  River  Valley.  Details  of  the  computations  are 
given  on  page  D-4  of  Appendix  D.  As  a  result  of  this 
alternate  method,  it  was  determined  that  a  total  PMF  peak 
flow  rate  of  98,000  cfs  appears  reasonable  for  a  Phase  I 
analysis. 

During  the  test  flood,  the  pond  level  would  rise  to  El  387. 0, 
overtopping  the  dike  and  spillway  by  19.0  and  24.6  feet 
respectively.  The  component  of  flow  over  the  spillway  would 
be  49,170  cfs,  and  over  the  dike  would  be  40,010  cfs.  About 
1,400  feet  downstream  of  the  dam,  discharge  would  be 
constricted  at  a  narrow  point  in  the  river  channel,  in  the 
vicinity  of  the  factory  complex.  This  constriction  would 
create  a  high  backwater  that  would  overtop  the  Pleasant 
Street  Bridge,  and  result  in  an  estimated  tailwater  level  at 
the  bridge  at  El  374.5. 

The  spillway  has  the  capacity  to  discharge  approximately  10 
percent  of  the  test  flood  outflow  before  the  dike  is 
overtopped.  Although  the  capacity  of  the  spillway  is 
inadequate,  the  only  means  for  significantly  increasing  the 
discharge  from  such  a  large  drainage  area  would  be  to  use  the 
dike  as  an  emergency  spillway.  Presently  overtopping  and 
flooding  of  the  spillway  and  dike  would  be  due  more  to  the 
volume  of  runoff  than  to  the  limited  capacity  of  the 
spillway. 
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The  effect  of  the  one-half  PMF  flood  was  also  calculated.  As 
shown  on  page  D-10  of  the  Appendix,  the  test  flood  outflow 
for  the  one-half  PMF  would  be  46,200  cfs,  or  214  cfs  per 
square  mile.  The  resulting  flood  pool  would  be  at  El  378, 
which  would  overtop  the  dike  by  10  feet  and  the  spillway  by 
15.6  feet.  The  resulting  tailwater  at  the  Pleasant  Street 
bridge  would  reach  approximate  El  369. 0. 

5.5  Dam  Failure  Analysis.  The  peak  discharge  rate  due  to  failure 
of  the  dam  was  calculated  to  be  22,400  cfs  with  the  pond  at 
El  368.  This  is  compared  to  9*210  cfs  flowing  over  the 
spillway  just  prior  to  failure.  Calculation  of  the  peak 
discharge  rate  is  based  on  a  maximum  head  of  23.0  feet  and  an 
assumed  100-foot  wide  breach  occurring  in  the  spillway  or 
dike.  Failure  of  the  dam  would  produce  a  downstream  flood 
wave  18  feet  deep  at  the  Pleasant  Street  Bridge  as  compared 
to  channel  flow  9  feet  deep  prior  to  failure. 

There  are  factory  buildings  and  a  parking  lot  located  along 
the  Ware  River  channel,  east  and  west  of  Pleasant  Street. 

The  foundations  of  these  structures  are  approximately  10  feet 
above  the  floor  of  the  channel.  Due  to  the  configuration  of 
the  channel,  little  attenuation  of  the  flood  flow  is 
expected.  An  assumed  failure  of  the  dam  could  produce  a 
flood  wave  that  would  rise  above  the  foundation  level  of  the 
buildings  and  inundate  the  parking  lot,  resulting  in  the 
possible  loss  of  more  than  a  few  lives  and  a  significant 
amount  of  property  damage.  Accordingly,  the  dam  has  been 
placed  in  the  ’’high"  hazard  category. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  Visual  Observations.  The  evaluation  of  the  structural 
stability  of  the  Upper  Dam  at  Diamond  International 
Corporation  is  based  on  a  review  of  previous  inspection 
reports,  and  available  drawings,  and  the  visual  inspection 
conducted  on  July  17,  1980. 

As  discussed  in  Section  3,  Visual  Inspection,  the  dam  is  in 
good  condition.  Leakage  was  observed  at  both  abutments  of 
the  main  spillway,  but  the  water  was  clear.  No  settlement  of 
the  dike  embankment  was  observed.  There  is  a  thick  growth  of 
trees  and  vegetation  on  both  slopes  of  the  dike. 

6.2  Design  and  Construction  Data.  Construction  of  the  Upper  Dam 
was  completed  in  1918.  Computations  for  design  of  the 
spillway  and  dike  are  not  available. 

Drawings  showing  the  proposed  or  as-built  construction  of  the 
dam  are  not  available.  One  drawing  dated  1955  prepared  by 
the  Harrison  G.  White  Co.  shows  the  proposed  construction  for 
the  temporary  dike  east  of  the  main  spillway.  The  drawing 
shows  the  dike  as  an  unzoned  rockfill  embankment  founded  on 
or  close  to  bedrock.  On  the  drawing  rockfill  is  specified  as 
large  riprap  filled  with  gravel  and  stone.  The  dike  was 
designed  to  serve  as  an  emergency  spillway  during  periods  of 
extremely  high  flow. 

Specifications  for  construction  of  the  spillway  and  dike  are 
not  available. 

6.3  Post-Construction  Changes.  Since  the  original  construction 
of  the  spillway,  repairs  and  improvements  have  generally  been 
limited  to  resurfacing  concrete.  There  is  no  record  of 
changes  to  the  rockfill  dike. 

6.4  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  No.  1, 
and  in  accordance  with  Corps  of  Engineers’  guidelines  does 
not  warrant  further  seismic  analysis. 
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SECTION  7 


assessment,  recommendations,  and 

REMEDIAL  MEASURES 


7.1  Dam  Assessment 


a.  Condition.  As  a  result  of  the  visual  inspection,  the 
review  of  available  data,  and  limited  information  on 
operation  and  maintenance,  the  dam  is  considered  to  be  in 
fair  condition.  The  following  deficiencies  must  be  cor¬ 
rected  to  assure  the  continued  performance  of  this  dam: 
severe  leakage  through  both  spillway  sidewalls;  lack  of 
low-level  outlet  at  the  dam;  spalled  concrete  on  the  weir 
and  sidewalls  and  accumulation  of  brush  and  trees  on  the 
dike . 

The  peak  test  flood  (full  PMF)  outflow  is  estimated  to  be 
89,180  cfs  with  the  pond  at  El  387.0.  The  test  flood 
would  overtop  the  the  dike  by  19.0  feet.  Hydraulic 
analyses  indicate  that  the  spillway  can  discharge  9,210 
cfs  or  10.3  percent  of  the  test  flood  outflow  before  the 
dike  is  overtopped. 

b.  Adequacy.  The  lack  of  detailed  design  and  construction 
data  did  not  allow  for  a  definitive  review.  Therefore, 
the  evaluation  of  this  dam  is  based  on  a  review  of  the 
available  data,  the  visual  inspection,  past  performance 
and  engineering  judgment. 

c.  Urgency.  The  recommendations  and  remedial  measures 
outlined  below  should  be  implemented  by  the  Owner  within 
1  year  after  receipt  of  this  Phase  I  Inspection  Report. 

7.2  Recommendations.  It  is  recommended  that  the  Owner  employ  a 

qualified  registered  engineer  to: 

a.  Evaluate  the  stability  of  the  dike  and  spillway.  This 
should  include  investigation  of  the  leakage  noted  at  the 
abutments  of  the  spillway.  The  investigation  should  be 
conducted  after  the  dike  is  cleared  of  brush. 

b.  Develop  procedures  for  clearing  brush  and  trees  to  within 
20  feet  of  the  toe  of  the  dike  to  permit  further 
inspection.  The  engineer  should  Include  proper 
procedures  for  backfilling  on  the  cleared  areas. 

c.  Perform  a  detailed  hydrologic/hydraulic  analysis  to 
evaluate  the  discharge  capability  of  the  spillway. 

d.  Design  a  low-level  outlet  as  a  means  of  lowering  the 
reservoir  during  an  emergency. 
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The  Owner  should  implement  the  recommendations  of  the 
Engineer. 


7. 3  Remedial  Measures 


a.  Operating  and  Maintenance  Procedures.  It  is  recommended 

that  the  Owner  accomplish  the  following: 

(1)  Repair  any  spalled  and  deteriorated  concrete  on  the 
main  spillway. 

(2)  Remove  all  brush,  trees,  debris  and  loose  stone  in 
the  floor  of  the  spillway  discharge  channel  for  a 
distance  of  200  feet  downstream  of  the  dam. 

(3)  Institute  a  definite  plan  for  surveillance  of  the 
dike  and  spillway  during  and  after  periods  of  heavy 
rainfall  and  a  plan  to  warn  people  in  downstream 
areas  in  the  event  of  an  emergency  at  the  dam. 

(4)  Implement  a  systematic  program  of  maintenance 
inspections.  As  a  minimum,  the  inspection  program 
should  consist  of  a  monthly  inspection  of  the  dam 
and  appurtenances  and  be  supplemented  by  additional 
inspections  during  and  after  severe  storms.  All 
repairs  and  maintenance  should  be  undertaken  in 
compliance  with  all  applicable  State  regulations. 

The  maintenance  program  should  include  removal  of 
any  debris  caught  on  the  spillway  weir  to  prevent 
clogging  of  the  spillway. 

(5)  Institute  a  program  of  technical  inspections  of  this 
dam  to  be  conducted  on  an  annual  basis. 

7.^  Alternatives.  There  are  no  practical  alternatives  to  the 
above  recommendations  and  remedial  measures. 
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PERIODIC  INSPECTION 
PARTY  ORGANIZATION 


PROJECT  DIAMOND  INTERNATIONAL  CORP. 
UPPER  DAM 


DATE  July  17,  1980 
TIME  8:30  A.M. 

WEATHER  Overcast,  hot 
W.S.  ELEV.360-9  U.S.347-^) 


PARTY: 

1.  E.  Greco  (Metcalf  &  Eddy,  Inc.)  -  Geotechnical 


2.  S.  Nagel  (Metcalf  &  Eddy,  Ihc.)  -  Geotechnical 


3.  S.  Pierce  (Metcalf  &  Eddy,  Inc.)  -  Geotechnical 


it.  M.  Nowak  (Metcalf  &  Eddy,  Inc.)  -  Hydraulics 


5 .  W.  Checchi  (Metcalf  &  Eddy,  Inc.)  -  Geotechnical 


6.  F.  Gordon  (Metcalf  &  Eddy,  Inc.)  -  Geotechnical 


7.  L.  Branagan  (Metcalf  &  Eddy,  Inc.)  -  Hydraulics 


PROJECT  FEATURE 

INSPECTED  BY 

REMARKS 

Dike  Embankment 

S.  Pierce/E.  Greco 

2  .  Spillway 


3  .  Gatehouse 


M . Nowak/L . Branagan/ S . Pierce 


M.  Nowak/S.  Pierce 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  DIAMOND  INTERNATIONAL  CORP.  UPPER  DAM  DATE  JULY  17,  1980 _ 

PROJECT  FEATURE  Main  Spillway _ ; _  NAME  S.  Pierce _ 

DISCIPLINE  Geo  technical /Hydraulic _  NAME  M.  Nowak/L.  Branaean 


Note:  u/s  =  upstream;  d/s  =  downstream 


AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  SPILLWAY  WEIR, 
APPROACH  AND  DISCHARGE  CHANNELS 

a.  Approach  Channel 

Concrete  ogee  weir  and  vertical  stone 
masonry  side  walls,  covered  with  gunite 
except  at  right  cap  wall  at  crest  of 
weir. 

General  Condition 

Clear',  natural  river  bed 

Loose  Rock  Overhanging 

Channel 

None 

Trees  Overhanging  Channel 

None 

Floor  of  Approach  Channel 

Submerged 

b.  Weir  and  Training  Walls 

Right  wall  continuous  with  canal  dike  retain- 
ro§kW?Hl  wall  free  standing,  next  to 

General  Condition  of 

Concrete 

Gunite  in  lair  to  good  condition,  two  vertical 
cracks  on  weir,  minor  cracks,  spalling  on 
walls. 

Rust  or  Staining 

At  base  of  left  sidewall,  at  site  of  heavy 
leakage  above  bedrock  outcrop 

Spalling 

Ainor  at  toe  ol  weir,  exposing  wire  labric; 
moderate  at  water  line  u/s 

Any  Visible  Reinforcing 

Wire  labric  beneath  gunite  on  weir. 

Any  Seepage  or  Efflorescence 

Leaks  at  base  ol  both  side  walls-clear  at 
rt. wall, slight  orange  stain  at  lt.wall(above 

Drain  Holes 

None  visible-  10-12"  diam.pipe  \  bedrock) 

extending  from  toe  of  weir-no  flow.&  no 

c.  Discharge  Channel 

^controls . 

General  Condition 

Fair;  bedrock  outcrop  at  toe  of  weir- 
discharge  channel  narrower  than  weir  width. 

Loose  Rock  Overhanging 

Channel 

lew  large  rocks  in  channel 
(construction  debris) 

Trees  Overhanging  Channel 

Some 

Floor  of  Channel 

liany  boulders,  some  bushes,  small  trees 

Other  Obstructions 

Hone 

pageA~2of  7 _ 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  DIAMOND  INTERNATIONAL  CORP. UPPER  DAM  DATE  July  17,  1980 


PROJECT  FEATURE  Rockfill  Dike 

East  of  Main  Spillway 
DISCIPLINE  Geo technical /Hydraulic 


NAME  S.  Pierce 
NAME  E.  Greco 


AREA  EVALUATED 


CONDITION 


Crest  Elevation 


Darren t  Pool  Elevation 


Max ir. am  Impoundment  to  Date 


Surface  Cracks 


Pavement  Condition 


Movement  or  Settlement  of  Crest  Not  visible 


Lateral  Movement 


None  visible 


Vertical  Alignment 


Horizontal  Alignment 


Condition  at  Abutment  and  at 
Concrete  Structures 


Indications  of  Movement  of 
Structural  Items  on  Slopes 


Trespassing  on  Slopes 


Sloughing  or  Erosion  of  Slopes 
or  Abutments 


Rock  Slope  Protection  -  Riprap 
Failures 


Unusual  Movement  or  Cracking  at 
or  near  Toes 


Unusual  Embankment  or  Downstream 
Seepage 


Piping  or  Boils 


Foundation  Drainage  Features 


Toe  Drains 


Straight 


!  if  Mil  li  i  fe  9 


main  spillway 
Left  abut:  natural  ground  at  RR  tracks. 


Light  pole  on  upstream  slope.  Heavy  vegetative 
cover  (trees  &  bushes)  on  both  slopes 


Cobbles  visible  on  slope 


None  visible  at  toe. Some  leakage  through 
base  of  left  spillway  side  wall 


None  visible 


None  visible 


None  visible 


Instrumentation  System 


PERIODIC  INSPECTION  CHECK  LIST 


•DIAMOND  INTERNATIONAL  CORP. UPPER  DAM  DATE  July  17,  1980 


FROJECT  FEATURE  Gatehouse  on  Canal 
DISCIPLINE  Geo technical /Hydraulic 


NAMES.  Pierce 
NAME  M.  Nowak 


AREA  EVALUATED 


CUTLET  WORKS  -  CONTROL  TOWER 


,n  Crete  and  Structural 


General  Condition 


Condition  of  Joints 


Spalling 


Visible  Reinforcing 


Rusting  or  Staining  of 
Concrete 


Any  Seepage  or  Efflorescence 


Joint  Alignment 


Unusual  Seepage  or  Leaks  in 
Gate 


Rusting  or  Corrosion  of  Steel 


Mechanical  and  Electrical 


Air  Vents 


Float  Wells 


Crane  Hoist 


Elevator 


Hydraulic  System 


Service  Gates 


Emergency  Gates 


Lightning  Protection  System 


Emergency  Power  System 


Wiring  and  Lighting  System 
in  Gate  Chamber 


. CONDITION 


Wooden  gatehouse  with  concrete  ioundation 
wall  adjacent  to  roadway. 

Gates  and  floor  supported  by  wooden  angle 
supports  and  wooden  piers. 


Gates  all  submerged  -  not  visible 


5  sluice  gates  operated  by  rack  and 
pinion  mechanism: 


two  gates  open  -  appear  to  be 

\  operable.  Remainder  are  rusted 
closed . 


heavy  accummulation  of  trash  at 


One  light  bulb  -  wires  carried  from 
gatehouse  to  factory 


ikTn 


Mr.  George  H.  McDonald 


“  C  • 


f'ebruary  19,  195? 


1- Jack  capstone  in  place. 

2- Drill  holes  down  through  each  top  capstone  and  half  way  through  granite  block 
below. 

3- Insert  3/It"  steel  dowels  in  holes  and  grout  in  place. 

L-Clean  out  open  Joints  in  gate  structure  and  abutment  walls  by  sandblasting 
and  waterblasting. 

5-Apply  G,TNITE  to  all  open  joints  in  gate  structure  and  abutments  sealing  all 
open  joints  and  consolidating  the  struct  re. 


Thank  you  for  your  prompt  attention. 

Sincerely, 


if.  ii.  Gibns 

l.aintenance  Superintendent 

Bit /esc. 
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D  I  »  i  •  I  •  ■ 


THE  DIAMOND  MATCH  COMPANY 


Ga**4f-£afc  amd  Gale  /Joe  I 


sencral  erncti 
MIUM  11,  MJLA. 


MOLDED  CBG  CARTONS 


m.  PALMER  WO  -  P.  ft.  MX  DO 
PALMER,  MASSACHUSETTS 
MAIL  REPLY  TO  AJWVI  ANKII 


February  19,  1958 


.JL 

Kr.  George  H.  McDonald 
Tighe  k  Bond 
Holyoke,  Mass. 


Dear  Sir: 

In  regard  to  the  letter  f ran  the  Hampden  County  Commissioners  dated 
December  31,  1957  relative  to  your  Inspection  of  our  dams  in  Thorndike  on  the 
Ware  River,  we  would  like  to  submit  the  following  specifications  for  vour 
approval. 

SCOPE  OF  rfORK: 

The  work  to  be  done  on  the  main  dam  involves  all  sections  of  the  spillway, 
starting  h*  below  the  crest  on  the  upstream  face  up  over  the  crest  and  down 
the  spillway  to  the  toe  of  the  dam. 

The  work  to  be  done  on  the  canal  spillway  involves  the  reinforcing  of  the  old 
stone  cap  and  the  G UNITING  of  the  Gate  structure  and  both  abutments. 

SPECIFICATIONS  -  Item  1-Nain  Dam  Spillway. 

1-  Remove  all  spalled  disintegrated  concrete  down  to  good  solid  concrete  by 
pneumatic  chipping  hammers. 

2- Sandblast  and  water- -ju-t  v.e  entire  spillway  area  to  be  GUN17ED. 

3- Drill  holes  in  sound  concrete  and  insert  30"  on  centers,  both  directions  and 
insert  l/U  x  ?"  expansion  anchors. 

i»-Lay  electrically  welded  wire  mesh,  size  U"  *  I)',  #12  #12,  over  the  entire 
spillway  area  attaching  mesh  to  expansion  anchors .  All  joints  of  mesh  to 
lap  by  at  least  four  (lj)  inches  and  securely  tied  to  anchor  bolts. 

5- Immediately  before  O'JNITING,  waterblast  entire  area  to  remove  dust,  loose 
material  and  other  forcing  matter. 

6- Apply  G'^NITE  in  tw>  or  more  coats,  mixed  in  the  proportions  of  one  (1) 
part  standard  Portland  cement  and  four  and  one-half  (li-1/2)  parts  of  clean, 
sharp  and  well  graded  sand  to  a  thickness  of  2-1/2".  Screed  to  line  and 
finish  with  a  steel  trowel. 
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DIAMOND  INTERNATIONAL  CORP.  UPPER  DAM 


CD  Palmer 
August  2,  1956 


General  Package  Division 
Diamond  Match  Company 
P.  0.  Box  230 
Palmer,  Massachusetts 

Gentlemen I 


Recent  Inspections  side  at  the  site  of  your  dam 
on  Ware  River,  just  upstream  from  your  plant.  In  Thorndike 
show  that  repairs  to  the  left  abutment  wall  have  been  made 
with  gunlte  by  surfacing  the  dry  side  of  the  abutment 
by  grouting  the  central  portion  of  the  wall.  It  is  apparent 
that  you  will  probably  begin  the  construction  of  the  temp¬ 
orary  dike  In  the  near  future  and  we  wish  to  call  you  atten¬ 
tion  to  the  fact  that  this  dike  should  be  constructed  of 
large  stone  and  particular  attention  should  be  given  to  the 
placing  of  the  stone  ao  that  the  dike  Itself  will  be  reason¬ 
ably  stable  and  act  as  a  spillway  even  though  it  might  be 
overtopped  In  an  extreme  flood. 

Considerable  leakage  was  noted  at  the  base  of 
the  abutment  wall  near  the  «q>stream  end  of  the  wall.  This 
leakage  does  not  asms  serious  from  a  safety  viewpoint  and 
when  the  dike  la  constructed  the  atone  construction  will  pre¬ 
vent  the  movement  of  any  soil  and  thus  the  undermining  of  the 
wall  or  the  dike  itself.  The  material  In  the  riverbed  Is 
extremely  porous  In  nature  and  conditions  are  eueh  that  It 
would  probably  be  difficult  and  expensive  to  control  the 
leakage. 


Periodic  inspections  will  be  made  of  the  dike 
and  if  you  have  any  question  regarding  construction  procedure, 
please  do  not  hesitate  to  contact  the  undersigned. 

Very  truly  yours 


GHV«Bb 


George  H.  McDonnell 
County  Hydraulio  Engineer 
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CD 

■ov.  14,  1955 


-2- 

Tbe  Baa#  The  Board  of  County  Commissioners 
Springfield,  K&saachusette 


an  upstream  slope  of  three  horizontal  to  one  vertical.  The  width  at  the 
top  of  the  dike  u  proposed  will  be  10  feet#  The  spsoes  between  the  large 
otones  trill  be  filled  with  smaller  stones  and  the  final  voids  will  be 
filled  in  with  gravel  washed  In  plaoe#  As  proposed  in  the  specifications 
the  dike  will  be  constructed  in  2  foot  lifts  end  consequently  s  structure 
with  a  solid  suiss  end  few  voids  should  bs  obtained# 

The  plan  shows  a  transition  section  st  a  point  100  feet  to  140  ft# 
easterly  of  the  existing  abutment.  This  transition  section  is  on  a  12% 
grade#  The  plan  does  not  show  how  this  area  is  to  be  protected  from  high 
water  damage#  Zt  Is  reco amended  that  the  Owner  be  required  to  riprap  this 
•res  with  heavy  stone  approximately  2  feet  in  thickness#  Each  stone  Is  to 
be  approximately  1/5  to  l/h-  cubic  yard  and  this  atone  riprap  Is  to  be  so 
plaoe  d  os  to  prevent  so  our  aid  erosion  on  this  12a  grade  as  well  as  on  the 
upstream  and  downstream  faces  of  the  area  of  the  existing  dike  whars  velo¬ 
city  of  flow  will  cause  movement  of  small  stones  and  gravel# 

The  proposed  work  also  Includes  the  repair  of  the  easterly  dam 

abutment# 


As  fuming  then  that  the  work  proposed  will  be  faithfully  done 
in  accordance  with  the  plans  and  specifications  filed  and  that  the  axtra 
-fcsavy  riprap  lug  and  stone  paving  as  reccesasnded  hereinabove  will  be  in- 
eluded  in  the  work,  the  undersigned  recommends  that  the  plan  and  speci¬ 
fications  bs  approved# 


Tery  truly  yours 
Tight  A  Ban&  Inc# 


GHK»e*b 


Decree  li.  NcbormiTI" 

JC ouJSty dranl i c  Engineer 
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COPY  01 

»ov.  1^,  19 55 


The  Hon*  the  Board  or  County  Commissi oners 
Harden  Count;  Court  Bouse 
Springfield,  Massachusetts 

Gentleman i 


1  have  examined  a  plan  and  specification  filed  with 
Hampden  County  on  Sov*  l|.,  1955*  The  Flan  is  entitled  "Temporary 
Dike,  General  Package  Division,  The  Diamond  Match  Company,  Thorn¬ 
dike,  Mass*"  drawing  Ho*  C-1701-5  and  the  specifications  are  en¬ 
titled  "Specifications  for  the  construction  of  a  Temporary  Dike, 
General  Package  Div*,  The  Diamond  Match  Co*,  Palmer,  Mass.1"  The 
Plan  md  the  Specifications  were  prepared  by  Harrison  G.  Mbit©  Co*, 
Engineers  of  Springfield,  Massachusetts* 

The  proposed  construction  is  on  the  Vane  River  at  the 
appear  dam  formerly  known  ae  the  C  olgan-Sherman  Dam  and  also  re¬ 
ferred  to  In  the  past  as  "The  J^elf  Locking  Carton  Company  Dam." 

The  existing  dam  was  not  damaged  during  the  flood  of 
August  1955*  However,  the  eqrth  dike  to  the  left  oar  East  of  the 
masonry  dam  was  overtopped  by  the  flood  waters  and  washed  out*  Con¬ 
sequently,  the  Were  River  now  flows  around  the  dam  rather  than  over 
the  masonry  structure*  The  proposed  dike  Is  a  temporary  structure 
to  be  used  to  divert  the  flow  of  the  Wore  River  into  the  proper 
channel  and  over  the  masonry  dam*  The  dike  will  also  serve  ae  an 
upstream  oof f er  dam  fcr  further  planned  construction  which  will  in- 
cludd  the  extension  of  the  masonry  dam  to  the  East  to  fora  a  perma¬ 
nent  structure  serose  the  washed  out  area* 

The  proposed  dike  will  be  built  of  heavy  rip-rap  rather 
than  of  sand  and  gravel  as  in  the  nast*  The  elevation  of  the  top 
Of  the  dike  will  be  approximately  3  feet  higher  than  the  erest  of  the 
masonry  dam  and  approximately  3  feat  lower  than  the  top  of  the  washed 
put  Aiks# 


The  dike  will  be  sufficiently  high  to  divert  all  normal 
os  well  as  unusually  heavy  stream  flows  over  the  masonry  dam*  At 
times  of  exceptionally  heavy  stream  flow  the  temporary  dike  will  act 
as  sn  emergency  spillway*  Consequently,  the  structure  aa  proposed 
will  provide  greater  ability  for  the  passage  of  river  flows  than  in 
the  past. 

The  proposed  construction  Is  to  Include  a  rook  filled 
dike  with  the  downstream  slope  of  two  horizontal  to  one  vertical  and 
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ahe  an* 


TEL  PALMER  930  —  P  O  BOX  230 
MAIL  REPLY  TO  ABOVE  ADDRESS 


J  Chatty  -^Zafoe  a.nd  (2&ie 

MOLDED  EOS  CAKTO 


■{-Ice 


PALMER.  MASS. 

July  1U,  1955 


Commonwealth  of  Massachusetts 
Office  of  the  County  Commissioners 
37  Kim  Street 
Springfield,  Mass. 

Gentlemen: 

With  regard  to  your  letter  of  July  6th  concerning  the  hole  in 
our  earth  dike  as  veil  as  a  small  leak  around  the  right  end  of  our 
weir,  we  wish  to  advise  that  this  work  is  completed  as  per  your 
instructions . 


HB/cLs 


Very  truly  yours, 
SEU-LOCKUG  CARTON. COMPAHT 

Howard  C.  Bedson 
Superintendent 


Copy  of  thle  letter  mailed  to 
George  H.  McDonnell,  County  Hydraulio 
Engineer,  on  July  18,  1955* 
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*aly  6,  1955 


Self  -Locking  Carton  Co* 
P.  0.  Box  230 
Rainer,  Kass* 


Oentleoant  .. 

In  accordance  with  the  provisions  of  Chapter  255 
Section  45  at  mq.  of  the  General  Lavs,  Tercentenary 
Edition |  relative  to  the  inspection,  condition  and  safe 
of  the  daos  of  Eampden  County,  you  are  hereby  advised 
that  your  Upper  Dec  located  on  the  Mare  River  in  Rainer 
has  been  recently  inspected  by  our  Engineer,  and  year 
attention  Is  called  to  the  following  conditions  noted 
and  reconundatlont  aade  by  Idas 

"There  Is  a  hole  In  the  earth  Cite  portion 
of  the  dam  approximately  20  to  25  foot  from  the 
left  stone  sbutaent*  This  hole  Is  visible  on  the 
top  surface  of  the  earth  fill*  The  hole  Should 
he  investigated,  dug  out  If  necess 


•There  da  a  areal!  leak  around  the  right  am 
of  the  snail  leakage  weir  das  that  should  ha 
plugged  so  that  ell  leakage  flow  passes  over  the 
aeinmn  lrn  crest  of  the  welr«* 

dill  you  kindly  take  steps  to  correct  this  situs* 
t  lan  by  August  30th,  1?55«  day  further  inform  tloii  son* 


earning  this  natter  which  you  nay  desire  will  be  furnished 
by  this  office  upon  request*  Our  County  hydraulic  EqgineflS 
will  rain  react  the  dsn  following  the  ©aapletian  of  the 
repair  won:  • 

Tery  truly  yours, 

COCITY  CQHMISSZCBfBtS 
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APPENDIX  B 

.'77V71 

PLANS  OF  DAM  AND  PREVIOUS 

,  *  -  '  * 

INSPECTION  REPORTS 

_ -• 
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Figure  B-l,  Plan  of  Dam 

Figure  B-2,  Sections  through  Dam,  and  Canal  Structures 

B-l 

B-2 
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Figure  B-3,  Pleasant  Street  Bridges 
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Previous  Inspection  Reports  (correspondence) 

Dated  1955  through  i960  by  Hampden  County 

Engineer’s  Office 

■ . 
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Dated  October  31»  1972  by  Massachusetts 

Department  of  Public  Works 
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PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  DIAMOND  INTERNATIONAL  CORP. UPPER  DAM  DATE  July  17,  1980 _ 

PROJECT  FEATURE  Low-level  Outlet _  NAME  S.  Pierce _ 

at  Canal  Spillway 

DISCIPLINE  Geotechnical/Hydraulic _  NAME  M.  Nowak/L.  Branagan 


u/s:  Stone  masonry  headwall  coated  with  gunite,  tied  and  bolted  with 
metal  straps.  Gunite  deteriorating  on  top. 


d/s:  Joint  spacing  approx.  1"  on  vertical  joints  between  stone  blocks 
No  gunite  on  lower  half  of  headwall 
Seepage  through  horizontal  joints 
Heavy  leakage  through  crown  of  outlet 

Outlet:  Stone  box  conduit  with  sluice  gate 

Wooden  gate  closed,  no  visible  leaks  through  gate 
Rack  and  pinion  mechanism  for  operating  gate  (not  tested) 
may  not  be  operable. 

Discharges  into  same  channel  with  canal  spillway,  which  flows  to  Ware  River 
channel . 


PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  DIAMOND  INTERNATIONAL  CORP. UPPER  DAM  DATE  July  17,  1980 
PROJECT  FEATURE  Canal  Spillway  NAME  S.  Pierce 


DISCIPLINE  Geo  technical /Hydraulic 


AREA  EVALUATED 


OUTLET  WORKS  -  SPILLWAY  WEIR, 


APPROACH  AND  DISCHARGE  CHANNELS 


NAME  S.  Pierce _ 

NAME  M.  Nowak/L.  Branagan 


CONDITION 


Right  ( south T  wall:  gumte  over  stone  masonry 
left  (north)  wall:  vertical  stone  wall  of 

outlet. 


Fair  -  channel  clear 


Submerged,  not  visible 


ranite  cu 


OCK.S  wi 


Approach  Channel 


General  Condition 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Approach  Channel 


Weir*  and  Training  Walls 


General  Condition  of 
Concrete 


Rust  or  Staining 


Spalling 


Any  Visible  Reinforcing  None 


Lett  sidewall:  severe  spamn 
Any  Seepage  or  Efflorescence  gUnite;  efflorescence 


some  weeds  growing  through  joints. 


Drain  Holes 


Discharge  Channel 


discharge 
General  Condition  channel) 


Loose  Rock  Overhanging 
Channel 


Trees  Overhanging  Channel 


Floor  of  Channel 


Other  Obstructions 


None  visible 


Fair  condition 


Few  blocks  have  fallen  from  left  side 
wall  of  channel 


ameter 


Littered  with  boulders,  stone  blocks, 
some  debris. 


*b.  Weir  -  stone  masonry,  narrow  crested  weir 

8  bays  of  flashboards  with  iron  supports.  Boards  can  be  removed  by  iron 
pins  -  all  metal  rusted,  boards  starting  to  rot;  one  set  missing. 
Flashboards  leaking  at  crest?  bridge  looks  insecure. 
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PERIODIC  INSPECTION  CHECK  LIST 


PROJECT  DIAMOND  INTERNATIONAL  CORP. UPPER  DAM  DATE  July  17,  1980 


PROJECT  FEATURE  Canal  leading  from 
Canal  gatehouse  to  tactory. 

DISCIPLINE  Geotechnical/Hydraulic 


NAME  S.  Fierce 
NAME  M.  Nowak 


AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  OUTLET  STRUCTURE 

AND  OUTLET  CHANNEL 

General  Condition  of  Concrete 

Vertical  sidewalls  both  u/s  and  d/s  of 
gatehouse  constructed  of  concrete  and 
^united  stone  in  good  condition. 

Rust  or  Staining 

Minor  rust/discoloration  at  high  water 
mark. 

Spalling 

None 

Erosion  or  Cavitation 

NOufc! .  Minor  growth  of  moss  in  upper 
joints,  where  there  is  no  gunite. 

Visible  Reinforcing 

None 

Any  Seepage  or  Efflorescence 

Minor  efflorescence 

Condition  at  Joints 

Covered  with  gunite 

Drain  Holes 

None  visible 

.  Channel.  | 

Canal  leading  to  factory  complex 

Loose  Rock  or  Trees  Over¬ 
hanging  Channel 

Few  bushes,  no  rock 

Condition  of  Discharge 

Channel 

—  ■  ■  -  -  i 

lood 

1.  D/s  of  gatehouse  -  canal  separated  from  Ware  River  by  earth  dike. 


2.  Canal  flows  under  Pleasant  Street,  to  factory  complex.  Two  intakes 
permit  flow  to  turbines,  and  for  process  water. 

3.  All  water  discharged  to  river  below  factory. 
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CL  Palmer 
Nov.  5.  1958 


Diamond  Gardner  Corp. 

Palmer.  Meat. 

Att:  Howard  Bedsan,  Plant  Engineer 
Lear  kir.  Bedeon: 

I  have  received  a  copy  of  your  letter  written  to  the  County  Commissioners  ol 
Hampden  County  dated  Sept.  23,  1958.  pertaining  to  the  work  being  done  at  your 
dam  and  canal  near  your  plant  in  Palmer. 

An  inapection  of  your  dame  and  related  facilities  wae  made  by  the  undersigned 
on  k.onday,  October  13,  1958.  At  that  time  the  repair  work  to  your  Upper  Lam 
and  to  the  canal  and  spillway  was  exam' <  ad.  At  the  Lower  Lam  the  work  of 
clearing  all  brush  and  tree  growth  from  the  dike  had  been  completed.  Our  re* 
port  to  the  County  Commiesionere  an  your  dams  and  rslated  facilities  is  as 
follows: 

"Self- Locking  Carton  Co.  Upper  Dam  This  dam  was  found  to  be 
in  excellent  condition.  He  pairs  to  the  overflow  etructure  have  keen 
recently  completed  and  all  aroded  concrete  has  been  well  covered 
and  protected  with  a  new  layer  af  concrete  applied  with  air  guns. 

The  canal  wall  downstream  of  the  dam  and  the  canal  spillway  were 
found  to  he  in  good  condition.  A  email  amount  of  laafcage  is  occurring 
under  the  right  abutment  of  the  main  dam.  This  leakage  emerges  at 
the  toe.  This  is  not  serious. 

The  left  stone  abutment  of  the  main  dam  where  settU^n*n*  cracking 
was  previously  noted  is  etlli  in  the  eame  condition  but  not  dangerous. 

The  rock  dike  to  the  left  of  this  dam  constructed  to  close  the  breach 
caused  by  the  flood  of  August,  1955  is  in  good  condition. 

Self* Locking  Carton  Co.  Lower  Dam  This  dam  was  found  to  be  in 
satisfactory  condition.  AU  tree  and  brush  growth  on  the  canal  dike 
has  been  cut  down  as  recommended.  An  excellent  Job  of  removing 
this  growth  has  been  done.  The  dike  was  found  to  be  in  eatiefactory 
condition. " 
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DIAMOND  NATIONAL  CORPORATION 

GROWING  FOR  THE  FUTURE 

MOLDED.PACKAGINS  DIVISION 

PALMER  MASS.  PLANT 


GENERAL  OFFICES 
122  E.  42no  ST.,  NEW  YORK  17,  N.  Y. 


TEL.  PALMER  030- P.  O.  BOX  230 

PALMER,  MASSACHUSETTS 

MAIL  REPLY  TO  ABOVE  ADDRESS 

October  6,  1960 


Board  of  County  Commissioners 
County  of  Hampden 
37  Elm  Street 

Springfield,  Massachusetts 

SUBJECT!  INSPECTION  REPORT  ON  #1  MILL  DAM 

Gentlemen! 

Ve  wish  to  acknowledge  receipt  of  your  inspection  report  covering  our 
lover  dam  in  the  Ware  River,  commonly  referred  to  as  #1  Mill  dam. 

The  surface  washouts  on  the  dike  at  this  location  were  repaired  on  Oc¬ 
tober  6,  1960.  Seventy  eight  yards  of  gravel  were  dumped  and  leveled 
by  a  local  contractor,  bringing  the  dike  back  to  its  original  grade. 

Ve  are  also  following  your  recommendation  regarding  a  change  in  opera¬ 
ting  procedure  by  installing  a  high  and  low  water  level  warning  system 
in  the  canals  at  both  #1  and  #2  Mills.  This  warning  system  will  be  con¬ 
nected  to  a  panel  In  a  constantly  attended  area  in  #2  Mill,  and  will 
give  the  operating  personnel  an  audible  as  well  as  visual  warning  in 
the  event  of  an  abnormal  water  level  in  either  canal.  This  system  should 
be  installed  and  in  operation  no  later  than  November  1,  1960. 

The  comments  of  your  Hydraulic  Engineer,  Mr.  McDonnell,  regarding  the 
dike  and  our  operating  procedures  are  moBt  certainly  welcome  and  appro¬ 
priate.  Ve  thank  you  for  bringing  them  to  our  attention. 

Very  truly  yours, 

DIAMOND  NATIONAL  CORPORATION 

Howard  C.  Bedson 
Plant  Manager 

HCBiark 

ccj  Mr.  McDonnell 

copy  of  this  letter  sent  to 
Mr.  G.H. McDonnell  on  0ot.ll,19o0. 
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INSPECTION  REPORT  -  DAME  AND  RESERVOIRS 


p 


1.  Location*  -C£by/Town  \  R 

Sev.f  Lr:»<\NJc,  wc 

Name  of  Dam  0 > <sM/  >.■,  Wat *c  vm  Cc 
VifPtu  Uma 


2.  Owner/at  per*  Assessors  ' 

Reg.  of  Deeds  _ 

1*  \Xky*.OKiQ  K^TvotOAl.  CcRl 

Name  St.  &  No. 


Dam  No. 


>-7-112-13 


Inspected  bvT>v_ i  *■  ■:  _  H- jrA-?v  ,n 


.o-:m 


Date  of  Inspectior 
Prev.  Inspection  _ 
_  Pers.  Contact 


i^CKV  VKVMCj?  .  |Y\LS_<L _ 

City/Town  State  Tel.  No. 


Na  me 


St.  &  No. 


City/Town  State Tel.  No. 


Name 


St .  &  No . 


City/Town  State Tel.  No. 


3.  Caretaker  (if  any)  e.g.  superintendent.  plant  managerf  appointed 
by  absentee  owner,  appointed  by  multi  owners. 


Name  * 


St.  &  No. 
State  s 


City/Town*  State*  To] 

4,  No.  of  Pictures  taken  \  .  . .  ... 

5.  Degree  of  Hazard*  (if  dam  should  fall  completely)* 


Tel.  No. 


1.  Minor  . 
3.  Severe 


2.  Moderate  _ 
4.  Disastrous 


*This  rating  may  change  as  land  use  changes  (future  development) 


6.  Outlet  Control*  Automatic 


Operative 


Manual 
.*••1  - 


Comments* 


7.  Upstream  Face  of  Dam*  Condition* 

1.  Good  _ 


2.  Minor  Repairs 


3.  Major  Repairs  4.  Urgent  Repairs. 


Comments  * 
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-2- 


8.  Downstream  Face  of  Dam: 
Condition:  1,  Good  _ 


/ 


3.  Major  Repairs 


Comments : 


DAM  NO.  ffilH 


2.  Minor  Repairs  _ 
4,  Urgent  Repairs 


.v.-j 

-.-•j 


*/'•*-*' 


9.  Emergency  Spillway: 
Condition:  1.  Good 


3.  Major  Repairs 


Comments : 


10.  Water  Level  at  time  of  inspection: 

top  of  dam  J 
other  _ 


2.  Minor  Repairs^ 
4.  Urgent  Repairs 


(a  ft.  above  _ below  '! 


principal  spillway 


11.  Summary  of  Deficiencies  Noted: 

Growth  (Trees  and  Brush)  on  Embankment  _ 
Animal  Burrows  and  Washouts  _ 


& 


Damage  to  slopes  or  top  of  dam 
Cracked  or  Damaged  Masonry  Me  Ur_ 

Evidence  of  Seepage  _ 

Evidence  of  Piping  v r 

Erosion  uU 

Leaks  _ tnt  w 


Trash  and/or  debls  impeding  flow  _ '_y 

Clogged  or  blocked  spillway  ilLLlS 
Other  _ 


Ik 

' "  > 

»  *  j 


iivj 

JL 

.  '.i 

y-yj 
■ 1 


'm 

r 


•on- 
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•  A 


**3—  DAM  NO.  ••»  -  -7 -  ~  -■  -7-sr> 

12*  Remarks  and  Recommendations:  (Fully  Erplaln) 

/A C  £  /  Sf  c  /Z  /a/  S**7~/z>/:rsic7‘fif?y  £  f >/*//*  t  T/es/V ,  T’/i'sS-  Z  S°  ^  tss?  y 
t.+'rtz  &  f*  s: /?  rs/s  ■*,  s*  7-  -/y^  7 V/^«r  <=>  ^  ssss/°s£cr/0  4',  <?  ~ ’/*  T/+* 

/3,yj)  7/"£  S  A'/a^/VK  n't?*;*?  /**•*  £<£  &;/?.■ 

a-w#  r&s*x>/7y'>/v,  7/ <7  ^asis S/A**  r?/>  S 
fS/TsX/7  'SS*  7’/''?  Cy?*S  2  7"  Si/Vi)  /V>/ rx?Vf  /V/-/J  *?  S  s? '<  *~Au»*/s,>S  Z  7~S7~/£ 

I /oj3.cw*r'  ^ 

S,*r~  *,?«***'  ** c'^cxt^t-  c#,w,-so*. 

<2(J/y/7  <:  '*  yS^At.  *r/*l,,S  -Si/srrtO  sf**  *>  J  S.  i 

js^r/.;  r*c.,o  /  ^  **AS0*"TY 

7Vv/r/.v-'  ^  c  '* 


S  /:  TJ+/1  4>*'*1 


_  rr  ^ s?/<  cr£»  £><■  *\  7/  r/V  A>S?S*7  'S'ZZ  ' 

tss  'Z  a><  '-t  s  7 


7'fSs£sG‘ ''►'  7V>  // 


ZS /*>/*.<- lS/-*r  Sf'Si}  7/r-s-S 


.^T  5.,.;^/:  T~*  *V'9s*f  3  ***«-*S**T  ***•'*'  /'r'~ 

y£-  /*  /'  /  ^  ^  ***’ 

,,  **,»*~**  «"*->• 


/7;,wc/(,i  ✓i 


/t^£.  ^/v  ✓r-v  4/  -r  a/ 


7~,WA  /*/*  <-  - ‘ 


e>  /?  s  'Zt?vr^£> 


f/ro  *sr*A»/?'i‘  jr-rs  ,r  7- '  - - - 

,  1-  ^  r-'/~£  /-V  /»  7- <3  ✓_?<T  J  <r  S  I  au\>,  /~/r  /  i  O  -f /f-O/^Ac 

VL’>lr^  '"J  .  ,/J,v  '  ,'  ,or\  /  fccco  ■+/*  r-«0  rTt^r^i  *.  £?*» 


£  c'&fjZ'Z''? 'ttH  'fr*(S5r£.Car,S%?4>TU  c  , 

,J  I  I  U  n  ,r  O  •!'*  ■*.■'.  -'  ■  .  ,.«'«.  •-'  •"•  •<*'*-. 

y,y  7*  ,* /Z  4/  r-^ssS  SC  /'S  -?'  /^  7"/ y/S  V+J  ■  r/,J^/  'tti/tfli  ysysG  /J>yS ; 


V  sv  s*'j>  'T  j> 


/y'i,  f  A  //  r~f£K>  /,//i,/i/r//;V  7} 'x’'Z  S'*  **7f  'V  y  eS-re  a  £  r /ytJ/  7-/ 


<s  'LS  S7  s-y*>  7~SY/S 
y 


7~*,  t*  c  r  j  syi  i~/£  , 


13.  Overall  Condition: 

1.  Safe 


2.  Minor  repairs  needed  _______ _ 

3.  Conditionally  safe  -  major  repairs  needed _ 

4.  Unsafe  _ _ 

5.  Repervoir  impoundment  no  longer  exists  (explain) 

g~njw7/77t:ncJ  removal  from  Inspection  list  _ 


B- 1 5  DIAMOND  INTERNATIONAL  CORP.  UPPER  DAM 


DESCRIPTION  OF  DAM 


DISTRICT 


Submitted  by^£ 21LL  '  * ' :  '  N^''T'  Da®  No._  ,  ?~7- 


Datt 


L 


ElWTown  P-VJ^u? 


Ccvw ;!,£  've~Cf«  0 

Na mo  o f  D  a m  \ \"“ >;  t  ’  *>•  v_ 


!•  Location*  Topo  Sheet  No. 


VjVvSK  I'MA 


Provide  8^"  x  11"  in  clear  copy  of  topo  map  with  location  of 
Dam  clearly  indicated. 


2.  Year  built* 


Year/a  of  subsequent  repairs 


3.  Purpose  of  Dam*  Water  Supply 

Irrigation  _ 


./ 


Recreational 
Other  _ 


./ 


.  ’  r 


n 


acres 


4.  Drainage  Area*  Vi>:  sq.  mi. . . 

5*  Normal  Ponding  Area*  ^ivAjraiV)  acres*  Ave#  depth  ______ ___ _ 

Impoundment*  gals*  acre  ft* 

6.  No.  and  type  of  dwellings  located  adjacent  to  pond  or  reservoir 

_ lAs;  "r _  __  i.e.  summer  homest  etc.  . - .  _ 

7.  Dimensions  of  Dam*  Length  6 Max.  Height  _  Jl  1 


Slopes*  Upstream  Face  V’.'J' 1 V  ~Tc  ^  »l  VaKiI 
Downstream  Face  \i.  .3  1  Su;rvi 

Width  across  top  1 ^ 


r-  i 


8.  Classification  of  Dam  by  Material* 

Earth  'I  Cone.  Masonry  J 
Timber  _  Rockfill  _ ’ 


Stone  Masonry 
Other  _ 


J. 


A.  Description  of  present  land  usage  downstream  of  dam* 
r'. O  %  rural)  %  urban. 


B.  Is  there  a  storage  area  or-  flood  plain  downstream  of  dam  which 
could  accomodate  the  impoundment  in  the  event  of  a  complete 
dam  failure?  yes  /  no  . 
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10*  Risk  to  life  and  property  In  event  of  complete  failure* 


11*  Attach  Sketch  of  dam  to  this  form  showing  section  and  plan-.' 
on  8^"  x  11"  sheet* 


Wc 


"  '  ‘  '-C1K~5 ;  **»■'  “•'* Of  (W 


Ck  LI,  C^-r-  n  -  p  •—  UwuKCtl*\  rt\LubTS,  C.»  Mar 

^  ",w-  -  ‘ '  \c  G\-ti  Hcjc-r  Qw  i<T, 


r 


Mo*  of  neoole  ^ 

C^-C 

—• 

• 

No.  of  homes 

***  -  . 

No*  of  Businesses 

Wr.Kie 

•/  -/  4 

No*  of  industries 

VSrMS 

Type  .  .  - 

‘ 

'  ■  ^  i 

No*  of  utilities _ _ 

Tvne 

•  v 

Railroads 

£ 

Other  dams  ')~1~  * 

i"?  -  \  4- 

’  JL.' 

Other  N -^SL 

^*  *1  *  ll 
-  ’  .  * 
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*  '•  *  ~  *w  i  p-*  **  >  ft*  >  *  ih  i  A*  ii 


.  .a  '  y  -  "m  A  -*■*—  -*-  ‘  1 


*  \ 
4  V 


V'  v 

-  ^ 


a  ~  4  */#?'?**<-  ■'  i . 

*5^i/*/oc  K-S+/6-  Ca^TI  ^  £ 

c7fS/Sf  /j  £?*,*? 

?7w3»-  ,7-  2-2.7-  /J 


,  ’  .\ 


Yj  f 

‘  iv!  Y'- 


;  Yv.<~ - 

•  Ui.  V.  '2-Oc;,± 

?/  1  -*  |  ^  4~^st_-rn 


’**■$  ■  -ti  \: 

,<:'l^  iU-'V 
JYYf' Y 

>  ^  *  z-sr4  t 

•  M-  r~J 


■  1  ,  lev*/1,’/!  t**  i 

h* L  t  ‘ '*,-.*** a* ~  -  *-*4 


tu  5  0  y 

6V  /'*“- 


v 

^  6  ^  ,y  v 

v  (Yy"’  ^ 

*\  *  l  ^ v :  »C 

c.  4r*iii'r-~^  i 


_ V _ i  1 


O-  — ! 

A  *.  ■— i 

1  v  -> 


Vi  ’  * 

f 


>  "  "J 


C  t>f,  f.  f  L1--  />  ‘-  <- 


!.C  ’  i 


.^•SvJ. 


$Vc  r/  ^  -  /l 
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APPENDIX  C 


PHOTOGRAPHS 


Location  and  direction  of  photographs  shown  on  Figure  B-l 
in  Appendix  B. 
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MAIN  SPILLWAY  AND  RIGHT  SIDEWALL 


LEAKAGE  AT  TOE  OF  SPILLWAY  AND  RIGHT 
SIDEWALL 


C-l 
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LEAKAGE  AT  BASE  OF  LEFT  SIDEWALL,  ABOVE 
BEDROCK 
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NO.  9  CANAL  LEADING  TO  FACTORY  COMPLEX 


Acct.  No _ 


r 


hK<ic 


5p<u\cr*s\  el.  361.4 


0  t^iac  "too  4-00  boob* £*■  boo  acrtt  ( ooo  lloo  14oo 
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ForTkslFf-t  I  Qo„i  *■<£>.*  ['-i]  5  9e<*>0 -5*fS-*  s 

'.  =  4^cx>o  5 

/«,*£r«in  '*  slori*  j  Ss  ft%-  x/oKOj*  I*  itr* SS  o£  tvekti  on  C fr«(K^y^ 
*0r*.<K*  UtJi  n4  clmivLAjt  &re<ifbe.fo*/  l3*rre  fcec }  o£  tCeo,<e>  *w/w 


Ele* 

A*« 

(hert.  l/of- 

€. i/ol ■ 

& 

rrQov, 

Yx^Qtot. 

362,  H 

/3r 

tee 

O 

o 

y&ooo 

4  9,0-00 

3b0 

23r 

U9t 

666 

,011b 

9iyx> 
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1144 

1 

,2t  7H 
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314 

Tit) 
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*—  ***-  •* ' . 

\  , 

1  «  t  _  .«  —  »  -  «.—  A 

Project 
Subiect 
Detail  . 
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I 


LrtL»Ml 


Acct.  No. 

Comptd  By  _ 

'  Ck  d.  By 


Page  p  of  —  £  i 

Vit/ud 


$*v»,  ll/4/gO 

*  dii/tSj  f/U*\ok.  «»^4pp/-  (444  -Tfttle  1/ 

Cp,  =  3.33  Lf  j  M  r‘T<://kj  ^  s  vpt'k'*  oltpib  <z.t>*ve  cr«jf 

bf  dipU\  &bon  c\rec4  j  n  {Vo*.  TaWe  U 

5p'Kwu«L^  m  HH'QeJl*  361.W  j  P«>vt  Cr*/4 -25b  #<i?  €7.  £■?*•' '*- 
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COMPUATIONS 
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Hydrologic  and  Hydraulic  Computations 
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